Summary: SEPON, Selection and Evaluation Pipeline for OligoNucleotide generates n-mer oligonucleotide sequences from expressed sequence tags of non-annotated genomes for microarray gene-expression profiling. A nontarget melting temperature (T m ) algorithm will reduce crosshybridization by estimating T m of oligonucleotide hybridization to non-specific targets (non-target T m ) and discard oligonucleotides with non-target T m estimate above user-defined threshold. SEPON allows user-defined filtering, predicts exon location, assigns penalty based on 3 distance, GC content, secondary structure T m and non-target T m and ranks oligonucleotides for optimal selection.
Oligonucleotides spotted onto microarray are efficient for monitoring expression of thousands of genes in parallel (Lockhart et al., 1996) . Compared to cDNA probes, 50mer or longer oligonucleotides have demonstrated at least equal sensitivity and specificity (Kane et al., 2000) . Existing selection programs for microarray oligonucleotides use annotated and/or genomic sequences as input (Bozdech et al., 2002; Rouillard et al., 2002; Li and Stormo, 2001; Chen and Sharp, 2002) . This limits the application in large-scale expressed sequence tag (EST)-sequencing projects with non-annotated genomes and raises a need for a selection pipeline that can generate gene-specific oligonucleotides from ESTs. Furthermore, prediction of cross-hybridization is only based on sequence * To whom correspondence should be addressed. similarity between the oligonucleotide and non-targets, although one approach use energy of binding (Bozdech et al., 2002) . In cross-hybridization the oligonucleotide hybridizes to transcripts of non-interest genes (non-targets). This is an unwanted event in microarray experiments, since it contributes to the overall signal intensity (Kane et al., 2000) . No attempts utilize thermodynamics to estimate a melting temperature (T m ) to non-targets for cross-hybridization prediction. We expect that thermodynamics combined with sequence similarity will improve oligonucleotide selection in terms of reducing cross-hybridization in gene expression experiments.
Here, we present SEPON, a Selection and Evaluation Pipeline for OligoNucleotides using ESTs of non-annotated genomes as input sequences. We introduce a novel non-target T m algorithm for reducing cross-hybridization that combines sequence similarity and thermodynamics to estimate the T m between an oligonucleotide and its non-targets. Secondary structure T m , sequence similarity and non-target T m , taking mismatches and dangling ends into account, is calculated with Mfold (Zucker et al., 1999) , Blast (Altschul et al., 1997) , and MELTING (Novère, 2001 ). Normal T m of oligonucleotides is computed using parameters from SantaLucia (1998).
The starting point is an organisms EST collection, which is annotated for highest similarity to transcripts of genes in a related organism (assignment of Gene ID). These are the source ESTs from which input sequences are chosen for representing desired genes. The user can specify oligonucleotide length, number of output oligonucleotides per EST input sequence, and whether to disregard unknown or masked nucleotides. All possible n-mers are considered and subsequent filtering is done according to user-defined thresholds. An overall penalty is assigned based on 3 distance, GC content, secondary structure T m and non-target T m using default weightings 20, 20, 30 and 30% (see Supplementary information). The exon locations are predicted based on alignment between input A. B.
Fig. 1. Complete oligonucleotide selection pipeline (A) and algorithm for estimating non-target melting temperature (T m ) (B).
EST and known exon positions of its similarity-assigned gene. The non-overlapping output oligonucleotides are spread over as many exons as possible with minimum intron-exon junctions and lowest possible penalties. The complete pipeline is depicted in Figure 1A .
We have developed a novel non-target T m algorithm that improves reduction of cross-hybridization by combining sequence similarity with thermodynamics. Using blastn, the sequence of a given oligonucleotide is aligned with the source ESTs (Fig. 1B, step 1) . Source ESTs that have the same Gene ID assigned as the input EST are classified as target ESTs, while those source ESTs having a different Gene ID assigned are classified as non-target ESTs (Fig. 1B, step 2 ). Melting temperatures (T m s) between oligonucleotide and non-target ESTs are computed (Fig. 1B, step 3) . The maximum T m is defined as the non-target T m (Fig. 1B, step 4) . SEPON was tested on 337 randomly picked rat ESTs that were assigned a Gene ID by their similarity to transcripts from NCBI's human RefSeq (see Supplementary information). Only 25% of the oligonucleotides with highest nontarget similarity also had maximum non-target T m leading us to introduce a user-defined number of considered nontargets. Most importantly, even for oligonucleotides with identical non-target similarity, the non-target T m s varied 23 • C demonstrating that the oligonucleotide selection pipeline is improved by the inclusion of thermodynamics in predicting cross-hybridization.
